The identification of the pollution sources of incoming carbonaceous aerosols (total aerosol mass and PM2.5) at the Preila environment background station (Lithuania) during a winter period (2008) using the stable carbon isotope ratio δ 13 C is presented. For air mass transport analysis the Hybrid Single-Particle Lagrangian Integrated Trajectories (HYSPLIT) model was used. During the experiment the aerosol carbon isotopic ratio δ 13 C ranged from −24.0±0.1 to −30.9±0.2  / . The measurement data of the total aerosol mass particle δ 13 C values had not shown a significant variation and did not depend on the air mass transport directions. The mean δ 13 C value of these aerosol particles was −25.5±0.7  / . It can be attributed to the local aerosol particle origin and it is of the same order as that of marine aerosol PM2.5 δ 13 C values. The δ 13 C values for the aerosol particles PM2.5 transported from longer distances depended on the air mass transport directions. The mean value of δ 13 C (−30.9±0.2  / ) of aerosol particles in the continental air masses of the eastern direction was lower than that of aerosol particles in relatively clear marine air masses of the western direction (−24.0±0.1 to −25.4±0.3  / ). In the cases of other air mass transport events, samples (PM2.5) collected at the Preila site were a mix of aerosol particles from the marine environment and anthropogenic (fossil fuel combustion products) pollution sources.
Introduction
Investigations of the chemical composition of aerosol particles, their origin and evolution are of great importance in perceiving the processes of the climate change, environment pollution, and the atmosphere self-cleaning. The atmospheric aerosols absorb and scatter direct solar radiation and the Earth's feedback thermal irradiation as well as they change the thermal balance of the planet. Aerosol particles absorb gases, various chemical substances and compounds, and have impact on the water vapour condensation processes. They take part in the processes of the admixture dynamics in the atmosphere, stimulate photo-catalytic reactions, and therefore affect the global atmospheric chemistry.
The total carbonaceous aerosol comprises a complex mixture that is mainly classified into two fractions: elemental carbon, also called black carbon or soot, and organic carbon. The recently carried out scientific research [1, 2] has shown that the origin, properties, and behaviour of carbonaceous aerosols in the atmospheric processes are determined by organic compounds formed either by burning biomass and fossil fuel or natural compounds forming on the sea surface, in forests, etc. Organic compounds such as polycyclic aromatic hydrocarbons PAH, oxy-PAH, and nitro-PAH are potential mutagens or carcinogens that have been found in urban particulate matter. Due to high sorption capacity and optical properties, black carbon particles originated from biomass and fuel burning are also of great importance to the atmospheric processes and they are a good indicator of anthropogenic air pollutants.
The progress achieved by performing experimental investigations and applying modelling results allows a quantitative assessment of the influence of various sources on the organic aerosol composition as well as forecasting their total optical thickness (optical and radiative properties of the atmosphere). However, the accuracy of the assessment results is limited because it is difficult to evaluate the origin of carbonaceous aerosols, their sources and scattering depending on the air mass transport and the climate parameters. Some attempts were made to study stable carbon isotopes in the marine environment for evaluation of the carbonaceous aerosol origin [3] .
In this work the results of experimental research are presented, the basis of which is the investigation of 13 C/ 12 C variations δ 13 C of stable carbon isotopes in total carbonaceous aerosols and in aerosol particles with the diameter less than 2.5 µm (i. e., PM 2.5 ) depending on the air mass transport. The main aim of the work is to identify the origin of carbonaceous aerosols and the location of the anthropogenic pollution source. For the identification of the pollution source location and origin the investigations of relative variations of other isotopes are also used. For example, lead isotopic ratios are used for tracing the urban atmospheric aerosols [4] , radioactive plutonium isotopes in the identification of radioactive pollution sources [5] . However, investigations of δ 13 C variations are especially expedient as they can characterize the dynamics and balance of the carbon cycle, the location of industrial pollution sources, and the impact of air mass transported pollution in the investigated region. The δ 13 C method is finding an increasing use for the investigation of the particle pollution in urban air [4] , in studies of the marine environment [6] , as well as for the investigation of δ 13 C differences between aerosols from major continental and oceanic sources, showing that aerosol particles over the ocean in the Northern Hemisphere are mainly of the continental origin, while those in the Southern Hemisphere are mostly of the marine origin [7] .
Carbon isotopic ratios in the environment
In the environment the 12 C isotope makes up 98.89% of all naturally occurring carbon, the 13 C isotope makes up 1.11%, while radiocarbon 14 C only 10 −10 %.
The isotopic composition is a relative isotope distribution of the analysed chemical element, usually the ratio of a less distributed isotope to the more widely distributed isotope: 2 H/ 1 H, 13 C/ 12 C, 15 N/ 14 N, etc. In the present-day literature the isotopic ratio is determined using the dimension of δ specifying (usually in thousandths,  / ) the deviation from the chosen standard. For example, for carbon δ is
It is generally agreed that the standard is the Cretaceous period calcite, CaCO 3 (Belemnitella Americana or PDB). The carbon isotopic ratio 13 C/ 12 C in this calcite is measured very exactly with a special mass spectrometer and equals 0.0112372±0.0000090 [8] .
In the geophysical, chemical, biologic, and other processes occurring in the geosphere the ratio of abovementioned isotopes varies very slightly. Some examples of δ 13 C are presented in Fig. 1 [9] . The maximum difference is observed between carbonates, atmospheric CO 2 gas, and fossil fuel. A large difference is observed among plants, which are distinguished by different photosynthesis mechanisms. The most widely spread mechanism of carbon fixation is called the Calvin cycle and it is denoted as C 3 . It is typical of most trees, bushes, grass, etc. Another mechanism (C 4 ) is called the Hatch-Slack cycle. Typical representatives of this cycle are sugarcane and maize. We have measured the ratios of carbon isotopes for some plants growing in Lithuania. The samples were collected during the vegetation period. The value of δ 13 C ranged from −28.2±0.4 to −30.1±0.2  / . These values correspond to the C 3 type plants and are in agreement with the published data (Fig. 1) . The diagram presented in Fig. 1 shows that different environments, which can be sources of both anthropogenic (fossil fuel and biomass burning) and natural (marine, forest origin organic compounds) atmospheric aerosols, are distinguished by certain δ 13 C values of the carbon isotopic ratio. They can be "fingerprints" in identifying the origin and sources of natural and anthropogenic atmospheric aerosols.
Methods
Atmospheric aerosol particles were collected on the 47 mm diameter quartz-fibre filters. The exposure time was 24 hours and the amount of pumped air was 55 m 3 . The fraction of aerosol particles of the aerodynamic size less than 2.5 µm was separated using the LECKEL separator. The quartz-fibre filters were baked before sampling at 600 • C for 3 hours to remove organic impurities. After sampling they were stored in a refrigerator. The filters were analysed with the elemental analyzer FlashEA 1112 connected to the stable isotope ratio mass spectrometer ThermoFinnigan Delta Plus Advantage. The 1/8th part of the filter was placed into the tin capsule and combusted in the oxidation furnace at the temperature of 1020 • C and with the oxygen excess. Carbon of the sample oxidized into CO 2 gases. Later this gas was transferred into the reduction furnace (650 • C). The water from the sample in the helium flow was removed using the magnesium perchlorate trap (Fig. 2) . Then the gas mixture was separated in the column PoraPlot Q (50 • C). Separated gas was delivered to the mass spectrometer ionization cell through the gas distribution device ConFlow III. Before the analysis of a series of samples the calibration CO 2 gas was delivered to the mass spectrometer until the isotopic ratio recurrence more than 0.15% was achieved. Before determination of the carbon isotopic ratio and after determination, the calibration gas was delivered to the mass spectrometer. According to the first signal of the calibration gas, the isotopic ratio of the sample was calculated, and according to the second signal the measurement conditions were controlled.
Results
The investigations were carried out at the Preila environment background station (Lithuania). The station is located on the eastern Baltic Sea shore (55 • 22 N, 21
• 02 E). The nearest source of anthropogenic pollution, the Klaipėda city, is at the 50 km distance. Thus, carbonaceous atmospheric aerosols were transported to the Preila site by continental and marine air masses. As the main aim of the study was to identify the origin of incoming carbonaceous aerosols, the HYSPLIT air mass backward trajectory model was used for the analysis of results [10] .
The experiment was performed during two sampling periods. The first period lasted from 9 January to 2 February 2008. Aerosol particles on the filter were collected not separating them into fractions (total aerosol mass). During this period, air mass transport from the west dominated at the Preila site, though some was from the northern or southern directions. The air mass transport to the Preila station from the eastern or southeastern directions was not observed. Bearing in mind that collected samples were of the coarse aerosol fraction with the lifetime of the order of one day, from backward air mass trajectory analysis it is evident that during this sampling period most of the sampled aerosols were transported with marine air masses from the Baltic Sea. For this air mass transport scenario the carbon isotopic ratio values δ 13 C were from −24.7±0.3 to −26.4±0.2  / . From the experimental data (Fig. 3) it follows that the mean δ 13 C value is −25.5±0.7  /  for the total aerosol mass. Because the total aerosol mass is mostly influenced by the mass of largest particles, it is evident that this δ 13 C value characterizes aerosol particles from local areas. This value indicates that the aerosol formation is affected by the marine and other natural precursors, for which the isotopic ratio value is common in this region, i. e. with the relatively clean atmospheric marine air and background environment.
The second sampling period lasted from 23 March to 16 April 2008. For the aerosol size separation the LECKEL PM 2.5 sampler was used. This size range of aerosol particles was chosen because the lifetime of the PM 2.5 size aerosol is from a few days to one week, and it allows us to collect aerosol particles transported from longer distances. During this period air masses were transported from the eastern (Ukraine and Belarus), northwestern (Scandinavia and the Baltic Sea) directions, and local spread over Lithuanian, Latvian, Polish, and Kaliningrad (Russia) territories. For this period the air mass 72-hour backward trajectories were analysed. The examples of air mass transport trajectories and δ 13 C measurement data are shown in Fig. 4 . The measured δ 13 C values and trajectories show that the carbon isotopic ratio δ 13 C in air samples depends on the air mass transport direction. The measured δ 13 C values can be divided into three groups presented in Fig. 4 together with backward air mass trajectories typical of each group. Bearing in mind that the mean δ 13 C value of aerosol from the local region was −25.5±0.7  /  (Fig. 3) , it is evident that the middle data group (see Fig. 4 ) consists of a mix of aerosol particles from the marine environment and anthropogenic pollution sources. The upper data group (Fig. 4) indicates aerosol particles mostly of the marine origin with δ 13 C values ranging from −24.0±0.1 to −25.4±0.3  / . The bottom data group (eastern air mass transport events) clearly indicates anthropogenic pollution sources (mean δ 13 C value −30.9±0.2  / ).
Experimental data very closely coincide with the carbonaceous aerosol concentration variation measured at the Preila site [11] . The highest concentrations of carbonaceous aerosol were observed in the continental air masses, and the lowest ones in the marine air masses. The most negative δ 13 C values in our experiment are measured in aerosols transferred by the continental air masses. It confirms that transported aerosol particles partly consist of the fossil fuel combustion products, the δ 13 C values of which are lower than −30  / .
Conclusions
The stable carbon isotopic ratio method is applicable for the identification of atmospheric carbonaceous aerosol sources. During the experiment (winter period, 2008) the aerosol carbon isotopic ratio δ 13 C ranged from −24.0±0.1 to −30.9±0.2  /  at the Preila environment background station.
The measurement data of the total aerosol mass δ 13 C values had not shown a significant variation and they did not depend on the air mass transport directions. The mean δ 13 C value of these aerosol particles was −25.5±0.7  / . It can be attributed to the local aerosol particle origin and it is of the same order as that of marine aerosol PM 2.5 δ 13 C values. The δ 13 C values for the aerosol particles PM 2.5 transported from longer distances depended on the air mass transport directions. The mean value of δ 13 C (−30.9±0.2  / ) of aerosol particles in the continental air masses of the eastern direction was lower than that of aerosol particles in relatively clear marine air masses of the western direction (−24.0±0.1 to −25.4±0.3  / ). In the cases of other air mass transport events, samples collected at the Preila site (PM 2.5 ) were a mix of aerosol particles from the marine environment and anthropogenic (fossil fuel combustion products) pollution sources.
